Introduction
Diabetes mellitus (DM) is a complex disease associated with obesity, autoimmunity and inflammatory disorders (1) (2) (3) . Type-2 DM is the most common type of DM worldwide and its incidence is increasing in Western societies (4) . Severe complications may occur as a result of all these factors related with DM. Most common complications can be classified as macro-vascular (myocardial infarction, stroke, and peripheral arterial disease) and microvascular (retinopathy, nephropathy, neuropathy) (5,6).
Lipid abnormalities are common in patients with Type 2-DM and are generally characterized by decreased serum levels of high density lipoprotein cholesterol (HDL-C), increased triglycerides (TG), total cholesterol (TC) and low density lipoprotein (LDL-C) particles (1) . Atherosclerosis is an inflammatory disease which is strictly related with serum lipid abnormalities and diabetics are predisposed to atherosclerosis process in earlier stages of their lives (3) . Cellular uptake of cholesterol takes place via clathrin mediated low-density-lipoprotein (LDL) receptors and these receptors regulate themselves with feedback mechanisms (7, 8) . However, macrophage cells phagocyte the modified LDL molecules in the pathogenesis of atherosclerosis by endocytosis via scavenger receptors which are distinct from classical LDL receptors.
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The accumulation of modified LDL in macrophages and other phagocytes leads to the formation of foam cells (9) . Due to exposure to different molecular modifications, LDL is a critical molecule which plays an important role in development of atherosclerosis. Advanced glycosylation and oxidation of LDL are both well-known modifications for pathogenesis of atherosclerosis leading to formation of neo-antigenic epitopes on the LDL thus transforming it into a highly immunogenic molecule (10) (11) (12) . Modified LDL induces the innate and adaptive immune cells, as a result, stimulating the formation of the foam cell and auto-antibodies against LDL (13, 14) .
MDA-LDL is an oxidatively modified LDL molecule and plays an important role in the progression of atherosclerosis. Macrophage cells transform into foam cells by the over-uptake of MDA-LDLs via scavenger receptors while in addition , humoral immune response develops against neoepitopes resulting from lipoprotein modification (9, 11) . The immune complexes of oxidized-LDL and IgG have been demonstrated to be more potent activators of macrophages in comparison with just oxLDL (26) . MDA-LDL-IgG is an autoantibody against MDA-LDL and previous studies have shown that immune complexes of MDA-LDL and IgG are strong predictors for acute events such as myocardial infarction and stroke in patients with type 2-DM (23).
The formation of immune complexes of immunoglobulin G (IgG) and malondialdehyde modified LDL (MDA-LDL) increases the proinflammatory immune response and leads to progression of atheroma plaque (19, 20, 21) . Clinical studies on type1-DM have shown that high levels of MDA-LDL and Ig complexes are associated with increased odds for developing diabetic nephropathy and progression of retinopathy (22) . Furthermore, it is reported that increased levels of MDA-LDL immune complexes are strong predictors of myocardial infarction in patients with type2-DM (23).
Currently, studies usually focus on the effects of MDA-LDL in the pathogenesis of diabetic complications. Most of these studies suggest a strong correlation between MDA-LDL/Ig complexes and the diabetic complications. Based on these studies, we tried to investigate whether there is a relationship or not between diabetes regulation and serum levels of MDA-LDL-IgG in subjects with type 2-DM. In this study, we evaluated the levels of glucose, TG, TC, HDL-C, LDL-C and MDA-LDL-IgG in subjects with well-controlled DM (W-DM, <7% HbA1c), poorlycontrolled DM (P-DM, >7% HbA1c) and non-diabetic (Non-DM) subjects.
Material and Methods

This study was performed at the Istanbul Research and Education
Hospital, Medical Biochemistry Laboratory.
The serum samples and demographical data were obtained from our laboratory and laboratory information system (LIS). The groups were created according to ICD-10 (International Statistical Classification of Diseases and Related Health Problems) E11 codes. Serum samples were separated into groups as P-DM (n=22), W-DM (n=18) and Non-DM (n=15) according to inclusion criteria. MDA-LDL-IgG ELISA analyses were performed on waste serum samples. A1C levels were evaluated using Synchron LX-20 (Beckman-Coulter) auto-analyzer in the complete blood count samples drawn into vacutainer 2 mL volume tubes containing 3.6 mg K2 EDTA. The serum glucose, TG, TC, HDL-C and LDL-C (direct method) levels were evaluated via Synchron LX-20 (Beckman-Coulter) auto-analyzer in the serum samples drawn into vacutainer 10mL volume SST™ tubes with Silica Clot Activator (Becton Dickison). Finally, serum MDA-LDL-IgG levels were evaluated via the ELISA method according to manufacturer instructions (LDN, Labor Diagnostika Nord GmbH & Co. KG).
Descriptive statistics for the studied variables (characteristics) were presented as median, mean, standard deviation, minimum and maximum values (Table 1) . One-way ANOVA test was performed to compare all groups. The Bonferroni method was used for homogeneous variances and the Tamhane's T2 method was used for nonhomogeneous variances. The correlation analysis of parameters was performed using nonparametric Spearman's rho correlation method. Statistical significance level was considered as 5% and SPSS (ver: 20) statistical program was used for all statistical computations.
Results
All groups of glucose, TG, TC, HDL-C, LDL-C, HbA1c and MDA-LDL-IgG levels were summarized in Table- 1. There were no significant differences between P-DM and W-DM groups for TG, TC and LDL-C levels, howeverthese tests were significantly low in Non-DM group in comparison with other groups (respectively, p=0.002, p<0.001 and p=0.001). No statistically significant difference was observed between groups in terms of HDL-C (p=0.081). There were significant differences between the three groups in terms of glucose (p<0.001) and A1C (p<0.001) levels.
There was no significant difference between W-DM and Non-DM groups in terms of MDA-LDL-IgG levels, however they were significantly higher for the P-DM group in comparison with W-DM and Non-DM (p=0.002). There was a strong positive correlation (Correlation Coefficient=0.463) between A1C and MDA-LDL-IgG levels (p=0.001). The comparison chart of all parameters is shown in Figure 1 .
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Discussion
In this study, we observed that the regulation of DM did not affect serum lipid levels. There was no significant difference between P-DM and W-DM subjects for TG, TC, HDL-C and LDL-C, but serum lipid levels of both groups were significantly higher in comparison with the Non-DM group. Subjects of the P-DM group have the highest level of MDA-LDL-IgG but there was no significant difference between the W-DM and Non-DM groups.
Glycosylation is the reaction by which a carbohydrate is covalently attached to a target protein.
Glycosylation is a mandatory process to produce functional proteins and is usually performed with the assistance of an enzyme (24) . However, there is also another non-enzymatic version of glycosylation. The non-enzymatic glycosylation of proteins is an uncontrolled process and is responsible for the immunogenicity of protein (10) . The oxidation of glycosylated proteins plays an important role in initiating lipid oxidation. Furthermore the resultant lipid peroxidation products, which have "neoself determinants" recognized by the immune cells (12, 25) .
Glycemic control significantly reduces the risk of microvascular complications in diabetic patients. It is considered that a 1% reduction in A1C decreases the risk of retinopathy, neuropathy and nephropathy by about 40% (15,16).
In contrast, there is a limited number of studies on the effect of glycemic control on macro vascular complications of DM, such as myocardial infarction, stroke (17,18).
Persistent high blood glucose is one of the major causes which leads to non-enzymatic glycosylation of proteins. A1C is the well-known form of glycosylated proteins and it is a laboratory test that shows how well your diabetes is being controlled (27) . In this study subjects diagnosed with type 2-DM were divided into two groups as W-DM and P-DM according to A1C levels. Although there were significant differences between the levels of glucose and HbA1c, a significant difference was not found between the two groups in terms of serum lipid levels and especially LDL. However, we observed a significant difference between the MDA-LDL-IgG levels for P-DM and W-DM groups in which it is reported as a predictor for macro vascular complications of DM (11, 12, 14) .
There are some limitations in this study. The appearance of diabetes-related complications is related to disease duration. High levels of MDA-LDL-IgG in subjects with P-DM may be associated with the duration of the disease. It is not easy to acquire reliable information about the age of diabetes, because the subjects do not know the beginning of the diabetic process, as a high serum glucose level, for themselves; they are followed later in the duration of diabetes.And even the known duration of diabetes mellitus for each subject was not recorded in the data system. Furthermore, serum samples were obtained from different individuals, therefore we were unable to evaluate the regulation of diabetes and whether there is a direct impact on the reduction of MDA-LDL-IgG levels or not. We also could not reach clinical data related with macro vascular complications.
Conclusion
We observed a significant difference between P-DM and W-DM groups in terms of their MDA-LDL-IgG levels. Furthermore, it was observed that the levels of MDA-LDL-IgG were similar in subjects with W-DM and Non-DM, and were significantly lower compared to P-DM subjects. These findings suggest that the normalization of blood glucose levels in type 2 diabetics may persuade the reduced rate of formation of new antigenic epitopes on the LDL via nonenzymatic glycosylation. Although there is no effect on lipid levels, the regulation of diabetes may be improved by reducing antibody formation against MDA-LDL.
In addition, there was a positive correlation between A1C and MDA-LDL-IgG levels in type 2 diabetics. A1C may not only be a good indicator of blood glucose control but is also a good predictor for diabetes-related macro vascular complications. Further prospective studies are needed to confirm these findings.
